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     A shroud from a mummy at the Ny Carlsberg Glyptotek in Copenhagen was investigated by Near-IR-FT-Raman spectroscopy with an excitation at 1064 nm. The mummy was from Hawara in Fayum, Egypt, where it was found under excavating in 1911. The mummy was wrapped in a red shroud. The pigments were only present on the outside of the shroud. All Raman spectra recorded from the inside of the shroud showed a very intense background and only a few Raman bands were detected on top of this. However, these bands indicated that the linen was made from flax. The idea was to compare this old flax textile with modern ones. Raman spectra of nine modern flax textiles with different origins were recorded to see whether there were differences due to different growing conditions of the flax. Although the most intense carbohydrate bands were observed in Raman spectra of the shroud, the spectra were of a too poor quality to draw any definite conclusions about the degree of degradation. Raman spectra were recorded through a microscope of the red pigments on the red coloured side. A spectrum is shown in Figure 1 together with a spectrum of red lead.
	
Figure 1.  To the left is shown the Raman spectrum recorded from a red spot on the coloured side of the shroud. The spectrum to the right is recorded of a sample of red lead.

    A comparison of the spectra in Figure 1 evidently shows that the red colour on the shroud is caused by a red lead pigment.  Further bands above 700 cm-1 in the Raman spectrum recorded in the red spot region showed the presence of another compound that was not present in at the non-painted side of the shroud. The position of the bands clearly identified the presence of chemical soap structures [Faiman and Long,1975]. Soaps consist of sodium or potassium salts of CH3(CH2)nCOO- with n = 10-16. The position of an accordion like mode in the low wavenumber part of the Raman spectrum allows a distinguishion between different chain lengths. The band around 190 cm-1 in the spectrum to the left in Figure 1 indicates that n = 10 and thus the soap is most probably sodium or potassium laurate [Faiman and Long, 1975].  
    In the second part of this study, silk was studiesd by Raman spectroscopy. Raman spectra of different samples types of silk were investigated. All spectra showed characteristic protein bands. Most spectra were very similar, but one deviated, most probably because this sample was the only one produced by a wild type of silk worm. One sample was artificially aged in a dry oven at 125oC for 48, 96 or 144 hours. The effect of aging was followed by a comparison of relative intensities for the amide I band at 1665 cm-1 versus  the CH2-bend at 1450 cm-1 and the tyrosine Fermi Doublet (855 cm-1 versus 830 cm-1). Curve resolution was performed in order to get reliable band intensities. The intensity ratio I(1665)/I1450) varies only slightly (3%) within 144 hours of aging. The change  of the ratio increases with time is towards higher values indicating either a chemical degradation of the CH2-groups or a change in secondary protein structure by heating. The change in the ratio I(855)/I(830) was more significant, around 20% towards a higher value for 144 hours of heating (Figure 2). This shows a change in hydrogen bonding for the tyrosine residues from a buried to a more exposed form.

Figure 2. Intensity ratios of the tyrosine doublet, I(855)/I(830), at 0, 48, 96 and 144 hours of heating at 125oC.

   Tyrosine is primarily present in the amorphous regions of silk and the intensity change of the Fermi doublet could indicate that the structural changes by heating (aging) primarily occur in the amorphous silk regions. Three samples of “old” silk were investigated; one from around 1950, another from around 1900 and a third from around 1700. Unfortunately the spectra of all three samples were very poor with very intense broad backgrounds. The best spectrum was recorded of the sample from 1900, but even here it was impossible to draw any quantitative conclusions about aging from the band ratios mentioned above. 
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